Medical equipment is closely related to personal health and safety, and this can be of concern to the equipment user. Furthermore, there is much competition among medical equipment manufacturers. Innovative design is the key to success for those enterprises. OBJECTIVE: The design of medical equipment usually covers vastly different domains of knowledge. The application of modern design methodology in medical equipment and technology invention is an urgent requirement. METHODS: TRIZ (Russian abbreviation of what can be translated as 'theory of inventive problem solving') was born in Russia, which contain some problem-solving methods developed by patent analysis around the world, including Conflict Matrix, Substance Field Analysis, Standard Solution, Effects, etc. TRIZ is an inventive methodology for problems solving. RESULTS: As an Engineering example, infusion system is analyzed and re-designed by TRIZ. The innovative idea is generated to liberate the caretaker from the infusion bag watching out. The research in this paper shows the process of the application of TRIZ in medical device inventions. CONCLUSION: It is proved that TRIZ is an inventive methodology for problems solving and can be used widely in medical device development.
Introduction
With the development of society, more and more attentions are paid to the medical equipments or devices that have much help to improve people's life quality. However, most Chinese medical equipment manufacturing enterprises lack the innovation design ability. The market of the advanced medical equipments is controlled mainly by several international medical equipment enterprises, such as GE, SIEMENS and PHILIPS.
More and more medical equipment enterprises recognize the importance of the application of the modern design methodology in technology innovation and new product development, which include Ergonomics [1] , emotional design [2] , Cognitive Psychology [3] , etc. TRIZ [4] is a powerful method for inventive ideas generation, which has been used successfully in mechanical product design [5, 6] , chemistry industry [7] , bionics [8, 9] and other domains. Gradually, the application of TRIZ in medical equipment design process grasp the researcher's attention [10] . The Computer Aided Innovation technology based on TRIZ can help the conceptual design for the new product. 
Process of innovation
The process of innovation [11] can be shown in Fig. 1 , which includes three sub-processes: fuzzy front end, new product development and commercialization. According to the Fig. 1 , of 3000 ideas generated in fuzzy front end, about 14 new product development projects are initiated. Moreover there is only one successful product idea can survive up to market launch [11] .
During the process of innovation, problems can appear anytime in fuzzy front end, new product development and commercialization. There are two kinds of problem type. One is the routine problem, which means all critical steps to a solution are known. The other is called inventive problem, for which at least one essential step to a solution is unknown [12] .
Resolving the problems appear in the process of innovation is the key to innovation design of the product.
TRIZ
According to reference [12] , theory of inventive problem solving (TRIZ) is defined as a humanoriented knowledge-based systematic methodology of inventive problem-solving. TRIZ began in 1946 in Russia, which includes systematic steps including problem definition, function analysis, and some tools for problem-solving. Conflict Matrix, Effect, Substance-field analysis, Trimming and Evolution route are the typical inventive problem-solving tools in TRIZ. Those concepts are discussed in details in this paper below. Transition to super-system and to 6 micro level 4 Standards for system detection and 17 measurement 5
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Conflict matrix
Where there is an unexpected problem in a technical system, there is a conflict. The classification of it involves technical conflict and physical conflict.
When improving one parameter of a system causes another parameter to deteriorate, technical conflict appears. 40 Inventive principles are the repeatedly rules discovered by patent analysis for technical conflict resolving. Technical conflict can be described by 39 engineering parameters uniformly [13] .
Conflict matrix is shown in Fig. 2 , which is a table including information of 39 engineering parameters describing technical conflict and 40 inventive principles for technical conflict resolving.
Effect
Function describing or modeling is a base in new product development or redesign process. TRIZ uses a suite of 30 standard functions describing the typical mechanical design functional requirements during the invention process.
According to Systematic Approach of Pahl and Beitz (SAPB), the functions (or sub-functions) are usually fulfilled by some process including physical, chemical or biological ones. A process realized by the corresponding effects and the determined geometric and material characteristics. Effects are usually the powerful knowledge for locating a solution for a function target.
In order to simply the effects application, the Effect database is built on the mapping relationship of function and effect. There is a mapping link between a function and the corresponding list of effects that can employed to realize the function [12] . The relationship of standard functions and effects can be shown in Table 1 .
Standard solutions
In the viewpoint of TRIZ, a function can be achieved when a substance acts on the other one by a field, usually a type of energy. Tool is the executor of the action and Object is the subject of the action. Sometimes, a substance is both Tool and Object. Substance-Field Analysis is a process of modeling problems and analyzing the components of a technical system with the steps mentioned above.
Standard solutions are accomplished by Altshuller and his colleagues from 1975 to 1985. There are 76 Standard solutions in TRIZ methodology. They are the method based on Substance-Field Analysis to illustrate the standard conditions and criteria for problems solving by reconstructing the substance and field. The category of 76 Standard solutions is listed in Table 2 mentioned below [14] . 
Trimming
Trimming is a method that means eliminating one or more components of the technical system and redistributing their useful functions among the remaining components in the system or super-system. Three rules for trimming components are introduced in Fig. 3. 
Evolution route
Patent analysis shows that the evolution process of an engineering system is ruled by some certain patterns, which are called Evolution routes based on thousands of patents and improvement of thousands of products and technologies.
According to the Evolution routes, the S-curve of any product has a typical life cycle of pregnancy, birth, childhood, adolescence, maturity and decline.
The typical patterns of Evolution routes for the engineering system are listed in Table 3 [14] .
General process of TRIZ tools using
Where a challenge appears in a technical system, problem analysis starts with doing another thing in order to identify the classification of the problem. TRIZ provides some tool for the corresponding invention problems, such as Conflict, Effect, and Standard problem, etc. When the classification of problem has been identified, the corresponding tools can be applied to generate an idea for the problem solving by analog thinking with the help of knowledge base drawn from the patent analysis around the world. Sometimes, the process mentioned above should repeat several turns. Innovation Engine includes some function modules, such as Project Navigation, Problem Describing, Conflicts, Effects, and Standard Solutions, etc. Project Navigation provides some illustrations for the operations of this CAI system. Problem Describing is a model for the target problem describtions. Conflicts, Effects, Standard Solutions and others are various sections for problem-solving according to TRIZ process. Knowledge information is stored in some MDB files. The users can retrieve the corresponding inventive information that is needed to help them for ideas generation.
Computer aided innovation tool
Case study
This section discusses the application of TRIZ in technology innovation of medical device.
Problem description
Infusion is a standard treatment for the patients. If the patient is with worse health condition, the caretaker is usually needed for disease treatment to promise the patient a full rest. As shown in Fig. 4 , if there are more than one infusion bag, an important work for caretaker is to inform the nurse in time to change the corresponding infusion bag. In most hospitals, there is an informing button near the patient that can give an alarming to the nurse station. Even in this situation, caretaker should observe the infusion bag carefully to know the process of the injection. In fact, caretaker has many works to do for patient caring. Watching out the process of the infusion is not the only job for him or her. However it takes the caretaker so much energy and attention. How to liberate the caretaker from the infusion bag watching out is a need for both patient and caretaker.
Process of problem-solving
According to the situation description, function analysis for the technical system is the first job to do for problem-solving. The main components of the technical system include infusion bag, holder set, infusion pipe, needle, medicament, patients, nurse, gravity, caretaker, alarming button, and patient. The action between two components is shown in Fig. 5 . The function analysis is done by function model of Innovation Engine.
In this situation, liberating the caretaker from the infusion bag watching out is a problem. If the caretaker does not be needed to press the alarming button, then the problem can be solved. This is a typical trimming problem in TRIZ. According to trimming rules in Fig. 3 , Rule C can be applied. If 'press', which is the function of caretaker, can be performed by another function carrier, the caretaker
